ABSTRACT. Fluoroscopy (FS)-or transesophageal echocardiography (TEE)-guided heartworm removal was carried out using flexible alligator forceps to compare the rate of worm removal. As a result, the worm removal rates were similar between the two procedures. However, the TEE-guided procedure does not involve radiation exposure, and facilitates observation of worms in the cardiac chamber and pulmonary artery. Therefore, the TEE-guided procedure is thought to be more useful than the FS-guided procedure in clinical setting.
In Japan, canine heartworm disease is still an important cardiac disease in dogs. This disease is classified into the chronic type characterized by right-sided congestive heart failure, and the acute type known as caval syndrome [8] . In clinical settings, heartworm removal using flexible alligator forceps is performed to treat caval syndrome in many cases [5, 6] . However, fluoroscopy (FS) is necessary to confirm the position of flexible alligator forceps in this procedure. This involves radiation exposure of staff in the surgical room, and this issue can be avoided by using echocardiography.
Echocardiography is mainly divided into transthoracic echocardiography (TTE) and transesophageal echocardiography (TEE). In human medicine, TEE is used for postoperative continuous monitoring after cardiac surgery and in intensive care units [1, 7, 10] . However, there are few reports of TEE in animals [2] [3] [4] 9] .
We had previously reported that TEE was useful for confirming the position of flexible alligator forceps during heartworm removal in dogs, and that guidance of flexible alligator forceps by TEE facilitated removal of an equivalent number of heartworms compared to FS-guided removal [2] . However, none of the previous studies have evaluated the number of worms remaining in the right heart and pulmonary artery after heartworm removal. Thus, we performed FS-or TEE-guided heartworm removal, and compared the worm removal rates in dogs.
Sixty-one mongrel dogs were used. These dogs had been confirmed to have heartworms in the pulmonary artery by TTE. The dogs were randomly assigned to 2 groups: the group undergoing FS-guided heartworm removal (FS group, n=31, 9.5 ± 2.5 kg) and the group undergoing TEE-guided heartworm removal (TEE group, n=30, 11.2 ± 3.1 kg). Anesthesia was induced with ketamine hydrochloride, and maintained with inhalation of isoflurane. TEE was performed as previously reported [2, 3] . Briefly, a probe was carefully inserted into the esophagus so that a cable was not flexed, and proceeded to the cranial border of the heart adjacent to the fourth intercostal space. The right ventricle outlet tract and main pulmonary artery were visualized by flexing the probe end to the left (Fig. 1) . The esophagus would not be injured in any animal during the procedure, because a probe was not stained with the blood, and the clinical sign associated with esophagitis such as anorexia, dysphagia, odynophagia, excessive salivation and regurgitation was not observed after the examination.
In the two groups, heartworm removal was performed using flexible alligator forceps. Insertion of the forceps was repeated to remove heartworms as much as possible. Since the number of worms removed by a series of procedures may be influenced by the surgeon's skill, the same surgeon performed the procedure in the two groups in this study. Operation time was not recorded in both groups. After the end of removal, the dogs were euthanized by an excessive dose of pentobarbital sodium. Immediately, heartworms remaining in the right heart and pulmonary artery were counted. Heartworms were investigated not only in the main pulmonary artery but also at the periphery of the left and right pulmonary arteries. The sum of the worms removed during surgery and the worms collected by autopsy was regarded as the total parasitic number. The ratio of the removed worms to the total parasitic number was regarded as the removal rate. The results in the two groups are shown in Table 1 . In the FS group, the mean (± SD) removed worms was 13.3 ± 8.5, and the removal rate was 93.9 ± 20.2 %. In 25 of 31 dogs, the removal rate was 100%. However, in dogs in which the total parasitic number was high, the rate of removal was slightly low. Furthermore, in some dogs in which the total parasitic number was low, the rate of removal was also low. In the TEE group, the removal rate was 96.5 ± 18.2 %, and was higher than that in the FS group. However, significant difference was not detected by non-paired Student's t test. In 4 dogs in the TEE group, the total parasitic number exceeded the highest parasitic number (29) in the FS group. In 2 dogs with a total parasitic number of more than 60, the removal rates were 97.1 and 98.4%, respectively. In the TEE group, the number of dogs with a total parasitic number of 10 or less and a removal rate of 100% (10/11 dogs, 90.9%) was higher than that in the FS group (11/14 dogs, 78.6%).
In conclusion, the usefulness of TEE guidance during the heartworm removal using the flexible alligator forceps was similar to that of FS guidance. Because radiation exposure can be avoided, and the presence or absence and number of heartworms in the cardiac chamber and pulmonary artery can be evaluated by echocardiography, TEE-guided heartworm removal is safer and more useful than FS-guided heartworm removal in clinical settings. 
